Introduction {#Sec1}
============

Chikungunya is a vector born arthritogenic febrile illness caused by an alphavirus of the *Togaviridae* family. Chikungunya virus (CHIKV) was the first time isolated from a dengue-like epidemic in Tanzania \[[@CR1]\]. CHIKV is transmitted by Aedes mosquitoes, which are also responsible for spreading Dengue and Zika viruses \[[@CR2]\]. Apart from the usual clinical manifestations of mosquito-borne infection, CHIKV infected individuals endure extreme joint pain due to over secretion of cytokines that may last for months to years. The rapid expansion of CHIKV on a global scale was facilitated by an ecologically plastic mosquito *Aedes albopictus* \[[@CR3], [@CR4]\]. Comparatively, *A. albopictus* is more diverse and ecologically stable than *A. aegypti*, therefore it is found in dominant position in Kenya, Comoros, La' Reunion (France), India, Southeast Asia, Seychelles, Mauritius, Madagascar and Mayotte CHIKV outbreaks \[[@CR5]\]. In the present scenario, The National Institute of Allergy and Infectious disease (NIAID), USA re-categorized CHIKV into priority group B pathogen of their Emerging Infectious Disease \[[@CR6]\]. Complications associated with CHIKV infections include Guillain-Barré syndrome, Encephalomyelopathy, Neonatal Hypotonia, Uveitis, Retinitis, Optic Neuritis, Myelopathy and Myelitis \[[@CR7]\]. So far, the CHIKV control measure includes the prevention of infection only. There is no vaccine and antiviral for CHIKV, therefore a specific, economical and effective antiviral molecule desire.

Available synthetic compounds have little effect on CHIKV but show strong side effects including an increase in joint pain limit their utility \[[@CR8]\]. On the other hand, antiviral molecules from natural resources can be more promising anti-CHIKV activity \[[@CR9]--[@CR11]\]. Plant metabolites can be more safe, effective and economical, especially for vulnerable areas that have limited resources \[[@CR12]\]. Medicinal plants have great potential for therapeutic purposes. The present study focuses on the antiviral properties of *Z. officinale* which is an herbaceous Asian plant. Apart from its anti-inflammatory, anti-nausea, anticarcinogenic activity, rhizomes of *Z. officinale* are rich in metabolites with potential antiviral properties \[[@CR13]--[@CR15]\].

Materials and methods {#Sec2}
=====================

Reagents and chemicals {#Sec3}
----------------------

Cell growth media (Dulbecco\'s Modified Eagle\'s Medium (DMEM) with penicillin and streptomycin sodium bicarbonate and 10% heat-inactivated FBS), Phosphate Buffer Saline (PBS) (Hi-media laboratories), Thiazolyl Blue Tetrazolium Bromide (MTT) (Hi-media laboratories), cell culture tested DMSO, Infection media (DMEM supplemented with penicillin and streptomycin sodium bicarbonate and 2% heat-inactivated FBS), 1% Trypsin Phosphate Versene Glucose (TPVG) (Hi-media laboratories).

Preparation of plant extract {#Sec4}
----------------------------

Fresh clean, rhizomes of *Z. officinale* (Specimen voucher number Ref. No NISCAIR/ RHMD/2019/3555-56-I) were diced into fine pieces, air-dried and ground to a fine powder. The *Z. officinale* powder was added into sterile double-distilled water in a 1:10 ratio then boiled for the 20 min. *Zingiber officinale* aqueous plant extract was prepared and filtered through Whatman filter paper and the filtrate was characterized with the help of FTIR. The plant extract was stored in a refrigerator after proper labeling.

Cell and virus culture {#Sec5}
----------------------

Vero cell-line was obtained from the All India Institute of Medical Science (AIIMS) New Delhi. Vero cell-line was cultured in the DMEM growth medium and incubated in a humid atmosphere at 37 °C in a CO~2~ incubator. Vero cells were observed daily for their growth and media was changed after 3--4 days of incubation. Healthy Vero cells were added into the 96- well tissue culture plate and incubated until confluent. CHIKV used in this study belongs to the Indian Ocean lineage (IOL) genotype and propagated in Vero cells supplemented with infection medium. Cells were observed daily for the Cytopathic effect (CPE). Cells were harvested after CPE and stored at − 80 °C until used.

Cytotoxicity evaluation {#Sec6}
-----------------------

Cytotoxicity assay was performed for *Z. Officinale* plant extract. Stock solutions of *Z. officinale* extract were prepared in cell growth media at concentrations of 2 mg/ml. The assay was performed in duplicates with two-fold serial dilutions of plant extract. Negative control (untreated cells) was also included in the assay. Plates were incubated at 37 °C in a CO~2~ incubator for 48 h. Cell viability was checked by performing the MTT assay. Briefly, 10 μl of 3-(4,5-Dimethylthiazol 2 yl)-2, 5 diphenyl tetrazolium bromide (MTT) of salt solution was added into each well of the plate. The plate was carefully incubated for 4 h. After the proper incubation period, MTT solution removed carefully and 200 μl DMSO/well was added. Absorbance was measured at 595 nm with the help of a microplate reader (Bio-Rad, USA). Percentage of cell viability was calculated by using the following formula;$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\text{Cell}}\;{\text{viability}}(\% ) = \left[ {\frac{{\left( {{\text{A}}_{{{\text{sample}}}} - {\text{A}}_{{{\text{blank}}}} } \right)}}{{\left( {{\text{A}}_{{{\text{control}}}} - {\text{A}}_{{{\text{blank}}}} } \right)}}} \right] \times 100 $$\end{document}$$

Here A = absorbance at 595 nm.

The highest concentrations of plant extract of *Z. officinale* which showed the non-toxicity to Vero cells were considered as their MNTD values.

Determination of 50% tissue culture infectious dose {#Sec7}
---------------------------------------------------

To determine TCID~50~ of CHIKV stock, 5 × 10^3^ Vero cells/well were seeded into a flat bottom 96-well plate. Plates were incubated in a CO~2~ incubator at 37 °C until 70--80% confluency level. Then, 100 μl of ten-fold serially diluted Chikungunya virus was added to each well. Virus adsorption was done during incubation of plate in 5% CO~2~ humidified incubator at 37 °C for 1 h. 100 μl of fresh medium/wells were added to the plate and further incubated until the cytopathic effect (CPE). Negative controls (without virus) were also included. The plate was checked daily under an inverted microscope (CKX53 Olympus Corp., Japan) for CPE. After CPE was observed in the plate, TCID~50~ was calculated by Reed--Muench method and viral stocks were prepared \[[@CR16]\].

Determination of in vitro antiviral activity of plant extract {#Sec8}
-------------------------------------------------------------

Anti-chikungunya activity was done with an 80% confluent Vero cell-line in 96-well plates. MNTD and half of MNTD values of *Z. officinale* extract were used for the antiviral assay. 100 μl of plant extract at MNTD and half of MNTD were added in the respective wells in quadruplicates formats. In pre-treatment, plates were incubated with MNTD and half of MNTD of plant extract for 1 h and after that 20 μl of CHIKV (10^3^ TCID~50~/ml) was added to each well. In co-treatment, the virus (20 μl) and 100 μl of plant extract were added simultaneously to their respective wells. Plates were incubated for 1 h at 37 °C with 5% CO~2~ incubator. After proper incubation, 100 μl of fresh medium was added into each well. Plates were further incubated at 37 °C with 5% CO~2~ for 5 days and observed daily for CPE. The change in cell viability percentage was calculated with the help of MTT assay. Positive (CHIKV + Cells) and negative (Cells only) controls were also included along with experimental (CHIKV + Cells + extract) wells.

Results and discussion {#Sec9}
======================

Preparation of aqueous extract {#Sec10}
------------------------------

About one-gram extract was obtained from an aqueous solution of fresh rhizomes of *Z. officinale* (Ginger). The plant extract was boiled for 20 min then filtered through the muslin cloth and Whatman filter paper. The obtained extract mixture was lyophilized till dried form.

FT-IR result analysis {#Sec11}
=====================

FT-IR spectra of a lyophilized extract of *Z. officinale* are shown in Fig. [1](#Fig1){ref-type="fig"}. The spectrum of *Z. officinale* showed the prominent transmittance types of bands. This absorbance peak values can be compared to the standard IR spectrum available online (Table [1](#Tab1){ref-type="table"}).Fig. 1FTIR transmittance graph of Lyophilized *Z. officinale* extractTable 1FT-IR spectrum of *Z. officinale* AgNPs in the region of 4000--500 cm-1Wavenumbers\
(cm^−1^)Chemical bondPhytoconstituentPeaks observed\
Plant Extract3300--4000α-CH3Aldehydes and ketones38532500--3300O--H (very broad)Carboxylic acids32782500--3300O--H (very broad)Carboxylic acids29261900--2000C=C (symmetry reduces intensity)Alkenes20611630--1680 =CH2 (usually sharp)Alkenes16341530 ± 20N=ONitroso compounds15391395--1440C--O--HCarboxylic acids14451395--1440C--O--HCarboxylic acids13951210--1320C=OCarboxylic acids13111000--1250C--NAmines12331050--1200C=SThio carbonyls1108

Maximum non-toxic dose (MNTD) assay {#Sec12}
-----------------------------------

The MNTD of *Z. officinale* plant extract was calculated with serial dilution in the Vero cell line followed by MTT assay. The microplate reader provides the numerical value against the different concentrations of extract in respective wells. Blank and control values were recorded at 0.036 and 0.92 respectively. MNTD of *Z. officinale* plant extract in the Vero cell line was 62.5 µg/ml.

Determination of tissue culture infective dose (TCID~50~) {#Sec13}
---------------------------------------------------------

TCID~50~ estimates the concentration of CHIKV which induce CPE in 50% of the cells. Under observation, the CHIKV infected cells undergo structural changes, like syncytia formation and blebbing, when seen under an inverted microscope. TCID~50~ value was calculated as 10^3^ TCID~50~/mL for anti-viral assay.

Determination of antiviral property of plant extract of *Z. officinale* {#Sec14}
-----------------------------------------------------------------------

The antiviral assay was performed to determine the anti-viral effect of the aquatic extract of *Z. officinale* with the TICD~50~ valve of CHIKV. Anti- CHIKV effects of *Z. officinale* extract was determined by inhibition of CPE and an increase in cell viability (Fig. [2](#Fig2){ref-type="fig"}). However, upon treating the CHIKV infected cells with plant extract of the *Z. officinale* with MNTD, an increase in the percentage of cell viability was observed and calculated by MTT assay. However, upon treating the CHIKV infected cells with plant extract of *Z. officinale* MNTD and half of MNTD, an increase in the percentage of cell viability was observed. Our study revealed that in pre-treatment, CHIKV infected Vero cells when treated with plant extract at MNTD and half of MNTD showed 51.05% and 35.1% increase in cell viability. Similarly, in co-treatment, plant extract at MNTD and half of MNTD brought 52.9% and 49.02% increase in cell viability, respectively (Fig. [3](#Fig3){ref-type="fig"}).Fig. 2Cytopathic effects of CHIKV (a) Normal cells (b) virus infected Vero cellsFig. 3Antiviral effect of plant extract of the *Z. officinale* on CHIKV in Vero cells

Suddenly viral outbreaks in India are increasing like pandemic Influenza \[[@CR17]\], Nipah virus \[[@CR18]\], Zika virus \[[@CR19]\], dengue and Chikungunya virus is one of them. Chikungunya virus is a highly infectious viral disease and well notorious since its origin from Tanzania and has the potential to re-emerging the global level \[[@CR20], [@CR21]\]. There is no vaccine and antiviral for CHIKV. Chemically synthesized antivirals have a variety of side effects as compared to natural medicinal plant remedies \[[@CR22]\]. According to the Indian Ayurvedic system, *Z. officinale* (Ginger) is a well-known medicinal plant and very helpful in controlling gastrointestinal problems by reducing nausea. Ginger is already utilized to treat morning sickness, heartburn, colic, stomach upset, gas, flatulence, bloating, diarrhea, loss of appetite and dyspepsia \[[@CR23]--[@CR25]\]. Ginger act as an analgesic and helpful for muscle soreness, arthritis, chest pain, stomach pain, low back pain, and menstrual pain. Ginger is a well-known medicinal plant to treat cough, respiratory tract infections, bronchitis. Fresh and dilute juice of ginger is very useful in skin burns treatment. Active components of ginger are utilized as a laxative and antacid medication. As per Ayurveda system, Ginger is well known for the treatment of a variety of cancers including skin, oral, breast, liver, gastric, pancreatic, colon, renal, prostate, brain, ovarian and cervical cancer. Ginger has antioxidant, anti-inflammatory and anti-mutagenic properties \[[@CR26]\].

The present study has been conceptualized to check the anti-chikungunya activity of aquatic plant extract from the rhizome of *Z. officinale*. The anti-chikungunya effect of *Z. officinale* plant extract was checked in vitro model by using a Vero cell-line. In- vitro assessment of maximum non-toxic dose of aquatic medicinal of plant extract are crucial before their therapeutic uses to the possibilities of their side-effects. Cytotoxicity of aquatic medicinal plant extract was observed on the Vero cell-line in terms of cytopathic effect. In present study, MNTD of *Z. officinale* aquatic plant extract was found to be 62.50 μg/mL.

Anti-chikungunya effects of the medicinal plant extract were determined on Vero cell with MNTD and half of MNTD through pre- and co-treating mode of treatment. The results point out that the aquatic plant extract of *Z. officinale* has anti-chikungunya potential. Antiviral assays were performed to study the effect of plant extract, they may hamper the CHIKV replication in Vero cell-line. Our study revealed that Vero cells when pre-treated with MNTD and half of MNTD of *Z. officinale* plant extract, their viability increase 51.05% and 35.1% respectively. Vero cell viability increases 52.9% and 49.02% when co-treatment with MNTD and half of MNTD *Z. officinale* plant extract.

Medicinal plants and their secondary metabolites have therapeutic potential against other similar viruses like dengue \[[@CR27]\]. Although *C. papaya* leaves are generally taken during dengue fever, *C. papaya* may not interfere with viral replication but responsible for increasing the platelets \[[@CR28], [@CR29]\]. In previous other similar studied on andrographolide show anti-chikungunya potential when a study in the HepG2 cell-line \[[@CR30]\]. In another study, plant extract and their AgNPs of *T. cordifolia*, have the potential to interfere with CHIKV and able to increase the 75% and 56% Vero viability when these cells were treated MNTD and half of MNTD, respectively. Medicinal plants are very sensitive, specific and cost-effective against various old and emerging viruses. In another similar study on influenza virus, aqueous *Isatidis Radix* extract were screening for the anti-influenza property in Madin-Darby Canine Kidney (MDCK) cells, less influenza viruses were observed by scanning electron microscope (SEM) in the *Isatidis Radix* extract pre-treated cells than the cells without *Isatidis Radix* extract treatment \[[@CR31]\]. Despite the huge immunization and modern medication, many viruses lack preventive vaccines and effective antiviral therapies. In the situation, identification of novel antiviral drugs from medicinal plants are more importance as natural products are an excellent source and safer. Medicinal plants are good source of antiviral and effective herbal medicines \[[@CR32]\].

Medicinal plants compounds have antibacterial \[[@CR33]--[@CR35]\] and anticancer \[[@CR36]\] properties. Antiviral activities of medicinal plants have been reported against various medically important viruses including, vaccinia virus, HSV, RSV, FLU, MPU, HIV and HBV \[[@CR37]--[@CR45]\]. Medicinal plants could interfere with viral replication through various mechanisms. It is reported that components from certain medicinal plants, interfere with the binding of viron to the cellular receptors, therefore can avoid their entrance in the cell. The exact mechanism of medicinal plants for their antiviral actions has not been fully understood. Therefore, the interaction of medicinal plant extracts with different types of cells is a complex phenomenon that requires further details study.

In conclusion, aquatic medicinal plant extract successfully manufactures the from the fresh rhizome of *Z. officinale*. The aquatic plant extract of *Z. officinale* showed excellent anti-chikungunya activity. A large number of compounds may involve in combating the CHIKV. Plant extracts are comparatively simple, capable, economical and an environment-friendly as compared to the chemically synthesized drugs. Medicinal plants could be an alternative source to develop a wide range of antiviral agents which could very helpful the alternative treatment of viruses. *Zingiber officinale* not only has a therapeutic potential but also combat drug resistance in antivirals against CHIKV. It is advisable, before using aquatic plant extract or their nano-material as therapeutic agents in the form of antiviral, their toxicity or side-effects and molecular mechanism should be studied properly.
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